BACKGROUND AND SIGNIFICANCE
Anxiety disorders are among the most common mental disorders in adults, [1] [2] [3] with a 12 month prevalence of 14% among Australians aged 16-85 4 and an estimated annual and lifetime prevalence of 18-29% in the United States 2,3 and 13-14% in Europe. 1 Although effective psychological treatments for anxiety disorders can be delivered face-to-face in a clinical setting, 5 or online through a desktop computer, 6 changes in anxiety symptoms often arise in specific moment-to-moment real-life situations that only emerge outside the therapist's office within a real-world natural setting. 7 Thus, the optimal treatment of anxiety symptoms may require innovative approaches in which a person's anxiety symptoms are directly targeted in real time.
A possible solution to treating anxiety symptoms in real-time is the employment of Ecological Momentary Interventions (EMIs). EMIs are "momentary health treatments provided via hand-held mobile technologies that deliver psychological interventions while people are engaged in their typical routines in their everyday life." 8 EMIs can be used as an adjunct to existing psychological therapies delivered by a therapist or they can be implemented as a stand-alone intervention. 8, 9 When delivered as an adjunct, EMIs have the potential to reduce the amount of clinician contact required to treat anxiety conditions or to improve the effectiveness of clinician-delivered therapy. There is also the potential for EMIs to improve outcomes when used as a stand-alone intervention, although a priori it might be anticipated that EMIs would be most effective when delivered as an adjunct to clinical care. 10 Carter et al. 11 described the differing complexities of EMIs through a multilevel classification framework. First, EMIs can be a "simple low-level" informative intervention, providing either health information on a specific health issue or consumer support material at momentary periods. Second, EMIs can be "interactive" interventions allowing individuals to record their psychological, behavioral, and contextual states at momentary periods, and to display this information on request. Third, EMIs can incorporate a high-level "integrative" feature that computationally detects and interprets patterns of an individual's momentary input, and uses the resulting information to tailor the intervention to the individual. The three types of EMIs can be deployed on hand-held devices such as mobile phones, portable device assistants (PDAs), palmtop computers, ambulatory biofeedback devices, and portable digital media players.
Historically, pocket-sized ambulatory biofeedback and hand-held computers have been used in studies delivering EMIs for anxiety. Regular ambulatory biofeedback devices have shown promise in the context of panic disorders, especially in directing an individual's attention to physiological changes through continuous self-monitoring. 12 Additionally, hand-held computers such as PDAs and palmtop computers have enabled programmable capabilities for the ability to track symptoms and to deliver relaxation training and cognitive behavioral therapy (CBT) material for generalized anxiety. 13, 14 Since the early 2000s, however, and the introduction of modern mobile phones, technologies such as PDAs and palmtop computers have become obsolete. 15 § Correspondence to Building 63 Eggleston Road, Australian National University ACT 0200, Australia; brendan.loogee@anu.edu.au; Tel: þ61 2 6125 4278; Fax: þ61 2 6125 0733
Mobile phone technologies include regular mobile phones and smartphones. In the past decade, the technical capabilities of mobile phones have advanced with the emergence of smartphones. 16 These portable devices incorporate a specific operating system platform that enables greater computing power and extra network connectively to various electronic devices and the internet. 15, 16 Furthermore, smartphone technologies can wirelessly connect to wearable sensors to detect changes in physiological factors (such as heart rate) and to provide real-time feedback of sensor information or tailored therapeutic content. 17 Given these advances, such technologies have significant potential to improve health outcomes including mental health, and are of particular utility for stress and anxiety disorders, given the strong physiological component of these conditions.
A recent paper by Klasnja and Pratt 18 provided a framework specifically for mapping features of modern mobile phones onto different health intervention strategies. They identified five mobile phone features including text messaging, cameras, automated sensing, Internet access, and native applications (such as programming libraries for global positioning system, accelerometer, graphic and audio, notification, contact list, and calendar functions.) They mapped these onto five health intervention strategies, which included tracking health information, involving the healthcare team, leveraging social influence, increasing access to health information, and using entertainment. Some mobile phone features were employed in each health strategy (e.g., text messaging); others were restricted to fewer strategies (e.g., cameras for tracking health information and involving the health care team). Although they provided a review of studies on mobile health interventions for various health conditions, Klasnja and Pratt 18 did not specifically report on the effects of interventions for mental health problems.
There have been a small number of reviews of studies on the effectiveness of EMIs for mental health problems. 8, 19, 20 However, to our knowledge there have been no comprehensive systematic reviews of the effectiveness of EMIs for anxiety conditions. One previous narrative review assessed EMI for anxiety disorders 12 but it focused on panic disorders and phobia, and it did not employ systematic identification and synthesis techniques. Accordingly, this study reports on a systematic review of the effectiveness of EMIs for stress, anxiety symptoms, and anxiety disorders. Furthermore, this study examines the specific technical features of mobile technologies that deliver different EMIs for these conditions.
METHOD
This systematic review conforms to the Preferred Reporting Items for Systematic Review and Meta-Analysis statement. 21 
Search strategy
The Cochrane Library, PUBMED, OvidSP (including MEDLINE and PsycInfo), and Science Direct databases were searched in January 2014 using search terms for a combination of the following three main concepts: "ecological momentary intervention," "anxiety," and "mobile technologies" (a list of specific search terms are available in online supplement 1). MeSH and subject heading keywords from relevant databases were included. The search was restricted through limit functions on the databases to "clinical trials" and "randomized controlled trials (RCTs)." No restriction was applied on publication date. Additional studies were identified by manually searching the reference lists of relevant studies that were not identified by the database search.
Inclusion criteria
Studies were included if they 1) evaluated the effectiveness of an ecological momentary intervention (as defined above); 2) examined anxiety symptoms or anxiety disorder or anxiety related outcomes such as stress or tension; 3) were published in English language in a peer-reviewed journal; 4) employed a RCT or randomized trial methodology and included at least one control group or second experimental/comparison; and 5) examined an EMI with or without human support.
Exclusion criteria
We excluded studies that 1) only measured the adherence to or usability of an intervention; 2) did not measure an anxiety or anxiety related outcome; 3) examined chemical and biological stress, such as oxidative stress and starvation-stress responses but not anxiety-related psychological symptoms; 4) examined interventions that were not undertaken within real-time and/or a real world setting (this included studies using biofeedback treatment confined to be laboratory as such interventions are likely to have low ecological validity); 5) used ecological momentary assessment with the sole aim of monitoring a particular psychological phenomenon over time; or 6) did not employ a mobile or hand-held electronic computer as part of the intervention or treatment.
Selection of studies
As shown in Figure 1 , a total of 3145 records were retrieved from the database search and 35 references from two review papers on EMI for mental health, 8, 20 in which 1231 records were duplicate abstracts, leaving 1949 unique records. Of these records, three raters (BLG and two research assistants) judged relevant records based on the titles and/or abstracts. From these, the full-text of 51 records were screened which yielded a total of 15 relevant papers.
Data extraction
Each of the 15 relevant papers was individually coded using a pre-formulated rating sheet by BLG and two other PhD students (RR, KA). The following information was extracted: participant characteristics and recruitment method, demographics, description of study design, intervention details (including the intervention type as defined by Mrazek and Haggerty's 22 framework, EMI type as defined by Carter et al., 11 the features of the mobile phone intervention as defined by Klasnja and Pratt's framework, 18 and level of human contact coded based on categories defined by Newman et al. 10 ), data analysis details, and qualitative information of treatment effects. EMIs were considered to be on-site or combined if the participant was required to travel to a physical location to receive face-to-face human support. Self-administered (SA) EMIs that required minimal travel for face-toface human support were considered to be distal. Study quality was assessed using Cochrane Effective Practice and Organization of Care Group criteria, 23 ) for each study, and the totals and percentage of studies that were of high risk or unclear were calculated across studies.
Data analysis
Study characteristics were summarized using descriptive statistics. Effect size was calculated based on the available intention-to-treat and/or completer analyses results. Cohen's d effect sizes were calculated to determine the between group effects at post-test to provide an estimate of the intervention's effect. Where data was available, the intervention effect size was calculated based on the post-test mean and standard deviations from the study.
Given the heterogeneity of the included studies, an overall quantitative meta-analysis was not conducted. However, sufficient data were available to conduct a meta-analysis of the sub-group of studies examining generalized anxiety as an outcome measure. This metaanalysis was undertaken using the random effects model of the Comprehensive Meta-Analysis software program (Version 2.2.064). 24 The between-group effect size (standardized mean difference) was calculated at post-test except for one study wherein the effect size was based on F for difference in change 25 and a second study wherein the odds ratio was computed from reported improvement at posttest. 26 Effect sizes were combined across conditions and measures within a study such that only one data point was incorporated into the meta-analysis for each study. The I 2 statistic was employed as a measure of heterogeneity between studies. 27 Publication bias was investigated using visual inspection of funnel plots and the Tweedie trim and fill procedure. 28 
RESULTS

Study characteristics
The characteristics of each study are summarized in online Supplement 2. The 15 studies examined anxiety (n ¼ 4), 25, 26, 29, 30 generalized anxiety disorder (n ¼ 3), [31] [32] [33] stress (n ¼ 3), 34 -36 anxiety and stress (n ¼ 2), 37, 38 panic disorder (n ¼ 2), 39, 40 and social phobia (n ¼ 1). 41 Three studies specifically targeted work-related stress. [34] [35] [36] Studies were conducted in a number of countries including Italy (n ¼ 6), 26, 29, 30, 32, 33, 35 United States (n ¼ 2), 31, 41 Australia (n ¼ 2), 37, 38 Australia and United States (n ¼ 1), 40 Australia and Scotland (n ¼ 1), 39 Canada (n ¼ 1), 34 Finland (n ¼ 1), 36 and Mexico (n ¼ 1). 25 The mean age of participants across studies ranged from 17 to 55 years. Seven studies examined adults (aged 18 and over), [31] [32] [33] 36, 37, 39, 40 and one study focused on adolescents to young adults (aged 14-24 years). 38 The remaining seven studies provided the average age of the sample but did not specify the age group targeted. 25, 26, 29, 30, 34, 35, 41 No studies targeted older people. Females represented the majority of participants in 12 (80%) of the studies; only three studies composed more males than female participants. 34, 36, 41 The majority of studies recruited participants through patients at a health care facility. 25, 32, 33, 38, 39 Three studies recruited participants from the general community using newspaper advertisement and online media. 36, 37, 41 Two studies recruited staff of a health care facility. 34, 35 A further two studies recruited participants from the general community at a public transport station, 29, 30 and one study recruited participants from the general community and a mental health care facility. 31 Only one study exclusively recruited participants from a 
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Study quality
The sample size of the studies ranged from 13 to 720 (median 33.5). All included studies employed either an RCT or randomized trial design. Studies compared EMI groups with a wait-list control group, 32, 33, 36, 39, 41 a group that deployed no intervention, 25, 29, 30 an attention control group, 34, 35, 38 no control group, 31, 40 both an attention and waitlist control groups, 37 or an unspecified control group. 26 Nine studies compared EMIs with another intervention. 26, [29] [30] [31] [32] [33] [39] [40] [41] Table 1 presents the risk of bias assessment for each individual study. Most of the studies were unclear of high risk in study sequence generation, allocation concealment, the appropriate handling of incomplete data, and blinding.
Intervention characteristics
Six studies evaluated treatment interventions, [31] [32] [33] [39] [40] [41] and a further five studies involved universal interventions delivered regardless of risk status and symptom levels. 25, 26, 29, 30, 34 Four studies examined indicated interventions in those with high levels of symptoms. [35] [36] [37] [38] No studies evaluated selective interventions in those determined to be at risk for a disorder. There were a total of 18 EMIs evaluated in the 15 studies; 8 of these were integrative EMIs, 25, 26, 29, 30 and three studies examined treatment interventions. [31] [32] [33] Six of the seven studies investigated simple EMIs, which employed relaxation training that adopted narrative and distraction techniques. 25, 26, 29, 30, 32, 33 The remaining study examined an integrative EMI using CBT and self-monitoring for treating generalized anxiety disorder. 31 There were no indicated interventions for generalized anxiety. None assessed an interactive EMI.
Stress
Three studies evaluated interventions aimed at managing stress [34] [35] [36] ; two of these examined indicated interventions, 35, 36 and one evaluated a universal intervention. 36 Of these studies, one comprised a simple EMI employing relaxation training. 35 one investigated an interactive EMI using heart-rate self-monitoring plus relaxation training sessions. 34 Finally, one study examined an integrative EMI that included CBT, Acceptance and Commitment Therapy, relaxation, and self-monitoring. 36 No studies examined treatment interventions for stress alone.
Anxiety and stress
Two separate studies examined indicated interventions aimed at reducing anxiety and stress. 37, 38 Of these studies, one study examined an interactive EMI that included self-monitoring, 38 and one study examined an integrative EMI that included CBT and self-monitoring. 37 No studies evaluated a universal intervention. None assessed a simple EMI.
Panic disorders
Two studies examined treatment interventions for panic disorder. 39, 40 Both of these examined integrative and interactive EMIs which included computerized CBT and individualized face-to-face CBT, in x ¼ low risk;? ¼ unclear information; -¼ high risk
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conjunction with self-monitoring of panic symptoms. 39, 40 One study examined the above treatment components with the addition of relaxation training. 40 No studies evaluated a universal or an indicated intervention nor used a simple EMI.
Social phobia
Only one study examined a treatment intervention for social phobia and it comprised an integrative EMI. 41 The intervention consisted of computerized CBT and group face-to-face CBT, in conjunction with symptom self-monitoring.
Types of EMI technologies
The 15 studies examined EMIs that deployed regular mobile phones, 26, 29, 30, 35, 37, 38 smartphones with or without sensors, 25, 32, 33, 36 hand-held computers, 31, [39] [40] [41] and regular ambulatory biofeedback. 34 The table presented in online Supplement 3 show the details of the technical features of mobile technologies (including nonmobile phones) and related health intervention strategies as described by Klasnja and Pratt. 18 Native software features of the palmtop computer for diagnosed panic disorders and social phobia were used in a customized application that tracked health information via a diary module, and to assist in the clinician's care through guided CBT modules via palmtop software. 31, [39] [40] [41] One study examined regular ambulatory biofeedback. 34 This study monitored the heart rhythm pattern of individuals with stress while using this information to assist researchers in monitoring and documenting the participant's adherence to the intervention.
Seven studies examined EMIs using mobile phones, smartphones, and other portable devices that utilized graphic, audio, and video features of the device to deliver relaxation training. 25, 26, 29, 30, 32, 33, 35 All of those studies examined interventional information targeting generalized anxiety or stress through an engaging virtual world simulation delivered on various mobile devices. Of these, one study used a smartphone and a portable virtual reality device to deliver relaxation content. 25 A further, two studies involved the delivery of similar relaxation content on touchscreen smartphones, gaming hardware, and wearable sensors. 32, 33 These interventions tracked psychophysiological symptoms via wearable sensors and smartphones to provide the therapist with the ability to monitor symptoms during the delivery of the entertaining relaxation content. Lastly, two studies examined portable digital media players that delivered relaxation training content via MP3 audio with no video capabilities. 26, 29 Three studies examined EMIs that tracked symptoms and delivered personalized therapeutic content via a mobile device. [36] [37] [38] One study that examined an intervention targeting stress used native features of smartphones, internet access, and wearable sensors to track symptoms, and to deliver fitness and relaxation training content. 36 Lastly, two studies that examined EMIs for anxiety and stress utilized text messaging, native application features, and internet access. 37, 38 Both interventions used text messaging for self-monitor psychological symptoms, and for sending motivational reminders to encourage adherence to the intervention. However, one of the latter interventions used native application features of a mobile phone and a website to further facilitate doctor-client communication, 38 whereas the other intervention used these features to deliver guided online CBT information. 37 No studies examined interventions using cameras on mobile phones.
Intervention delivery
Seven studies delivered interventions both on-site and distally, 25, [31] [32] [33] [34] 36, 38 five were distal, 26, 29, 30, 35, 37 and three involved on-site and combined on-site and distal delivery.
31,39,41
Automation and human support Six of the 18 EMIs were SA and fully automated using a standalone electronic intervention with low levels of human support. 25, 26, 29, 30, 35, 37 Another four EMIs involved predominately self-help interventions with no >1.5 h of human support [32] [33] [34] 38 while four EMIs were predominately therapist administered (TA), and required regular or high levels of human support. 31, [39] [40] [41] The remaining EMIs were minimal-contact therapies, which involved >1.5 h of human support. 36, 40 Outcome measures Half of all studies used the State Trait Anxiety Inventory as the primary outcome measure for either state or trait anxiety. 26, [29] [30] [31] [32] [33] 35, 39 Two studies targeting anxiety, stress and depression used the Depression, Anxiety, and Stress Scale. 37, 38 Other measures of anxiety included the Hamilton Anxiety Rating Scale (n ¼ 3), the Penn State Worry Questionnaire (n ¼ 3), the Beck Anxiety Inventory (n ¼ 2), and a behavioral and cognitive assessment test on anxiety in social interactions (n ¼ 1). [31] [32] [33] 41 Three studies targeting work-related stress used specific scales to measure distress induced by job demands, work burnouts, and organizational pressures. [34] [35] [36] The two panic disorder studies used the Mobility Inventory, the Agoraphobic Cognitions Questionnaire, the Fear Questionnaire, the Body Sensations Questionnaire, the Agoraphobia subscale, and the phobia subscales. 39, 40 The social phobia trial used the Social Phobia Scale and Social Phobia and Anxiety Inventory. 41 EMI effectiveness on anxiety outcomes Generalized anxiety (n 5 9) Most (n ¼ 7) of the nine studies that evaluated EMIs specifically targeted generalized anxiety and used an anxiety measure. 25, 26, [29] [30] [31] [32] [33] 37, 38 These data were included in the meta-analysis. 25, 26, 29, 31, 32, 37, 38 All but one of these studies incorporated a control group. This study instead employed two active comparison groups, 31 comparing 6 weeks of group CBT plus EMI with (i) 6 weeks of group CBT; and (ii) 12 weeks of group CBT. Since the 12-week comparison intervention was not suitable for determining the effect of adding EMI to the 6-week group CBT, only the 6-week group CBT comparative data were incorporated into the analysis. The meta-analysis was run both with and without the inclusion of this study. Table 2 and Figure 2 display the findings and forest plot of the meta-analyses of the seven studies reporting generalized anxiety outcomes. Overall, EMI interventions were effective in reducing anxiety symptoms. The pooled effect size was 0.32 (95% CI, 0.12-0.53, P ¼ .002) and heterogeneity among studies was low (I 2 ¼ 8%). It is unlikely that publication bias influenced the conclusions. The fail-safe N was 16 for the meta-analysis of all studies and after adjusting for publication bias using Duval and Tweedie trim and fill procedure the pooled standardized effect size for the combined interventions remained statistically significant (adjusted effect size ¼ 0.27; 95% CI, À0.04 to 0.46).
There was little change in the pooled effect size after excluding data from the Newman et al. 31 study, which employed an active comparison group (pooled standardized effect size: 0.31; 95% CI, 0.07-0.55). Heterogeneity across studies was low (I 2 ¼ 17.8%). Further, the fail safe N was 10 and after imputing potentially missing studies using the Duval and Tweedie procedure, the effect size remained statistically significant (adjusted effect size ¼ 0.27, 95% CI, 0.006-0.50).
Stress (n 5 5)
Studies examining EMIs in reducing stress demonstrated positive effects for EMI relative to controls. 34, 36, 37 A study evaluating a transdiagnostic EMI comprising online CBT modules and SMS reminders for treating stress and anxiety 37 was associated with lower stress levels than a waitlist control (d ¼ 0.34 at post-test). Another study reported a reduction in work stress relative to waitlist control for an EMI that delivered CBT and Acceptance and Commitment Therapy therapies (d ¼ 0.21-0.63 at post-test). 36 Further, a study evaluating an EMI consisting of multimedia relaxation training 35 reported a reduction in work anxiety and stress relative to an attention control. Additionally, a study evaluating an EMI consisting of portable heart rate monitoring accompanied by breathing and positive emotion exercises 34 was associated with decreased work stress compared with attention control (d ¼ 0.19 at post-test). However, an EMI using selfmonitoring on mobile phones 38 was not effective relative to an attention control in reducing stress (d ¼ À0.08 at post-test).
Panic disorders (n 5 2)
The two studies on panic disorders yielded inconsistent findings. One study compared 6 weeks of individual face-to-face CBT with EMI including psychotherapy and self-monitoring with 6 or 12 weeks of individual face-to-face CBT without EMI, and a waitlist control condition. 39 Although the 6 weeks of CBT (with EMI) was effective in reducing panic symptoms relative to a waitlist control (d ¼ 2.00 at post-test), the 6 weeks of CBT with EMI was not significantly superior to 6 weeks (d ¼ 0.43) or 12 weeks (d ¼ À0.23) of CBT without EMI. At follow up, the three active treatments did not statistically differ in reducing symptoms relative to control, but treatment gains were sustained. The only other study of panic disorder compared 4 weeks of individual face-toface CBT with EMI including therapy and self-monitoring with 12 weeks of individual face-to-face CBT with EMI including self-monitoring only. 40 The combined 4 weeks of CBT with EMI using therapy and monitoring was significantly superior to the 12 weeks of CBT with EMI using monitoring only (d ¼ À0.92 to 0.81 at post-test). At follow up, there was no statistical difference between the two treatment conditions.
Social Phobia (n 5 1) The single study on social phobia reported 12 sessions of group faceto-face CBT without EMI improved symptoms relative to the waitlist control. 41 However, the eight sessions of group face-to-face CBT with EMI including psychotherapy and self-monitoring did not significantly reduce symptoms relative to the waitlist control. Furthermore, the comparison of 8 sessions of group CBT with EMI and 12 sessions of group CBT without EMI found no significant difference. Lastly, there were no comparisons done between the EMI intervention and waitlist control at follow up.
Outcomes for different levels of automation and human support Four of the six studies that examined SA interventions found EMIs to significantly reduce anxiety and stress relative to controls. 25, 26, 30, 37 Similarly, three of the four studies that examined predominately selfhelp interventions found EMI to significantly reduce anxiety or stress relative to controls. [32] [33] [34] Finally, one of the four studies that examined TA interventions found EMIs to significantly reduce anxiety symptoms relative to controls. 39 However, another study that compared a TA intervention against a control reported no significant reduction in anxiety symptoms. 41 Only one study that compared a TA against a minimalcontact intervention found the TA intervention to be significantly superior in reducing panic symptoms. 40 
DISCUSSION
The systematic review findings identified 15 RCTs and randomized trials of the effectiveness of EMIs for generalized anxiety, stress, panic disorders, and social phobia. The majority of these studies targeted generalized anxiety. The meta-analysis results demonstrated that EMIs are associated with a small, but significant reduction in generalized anxiety symptoms (d ¼ 0.31). There was also some encouraging evidence that EMIs targeting stress may be effective. However, only a few studies have examined EMIs targeting other anxiety-related conditions with all of those studies showing mixed results. Overall, a majority of studies evaluated integrative EMIs that involved self-monitoring of symptoms, and the delivery of automated or therapist-delivered psychotherapy content.
To our knowledge this is the first quantitative meta-analysis of the effectiveness of EMIs for generalized anxiety. The review findings suggest that EMIs may be a promising treatment for generalized anxiety.
The effect size appears lower than reported previously for Internet-delivered cognitive behavioral therapy for anxiety. 42 Given many of the EMIs included in the meta-analysis were predominately SA and unguided by a therapist, it is possible EMIs with therapist support would have yielded larger effect sizes. 43, 44 Further, the EMIs included in the meta-analysis were on average briefer and less intensive than Internet-delivered cognitive behavioral therapy. Overall, the present results are comparable to findings of a recent systematic review of mental health interventions delivered using mobile phones. 19 This review concluded that mobile application treatments targeting anxiety are effective. Similar findings have been identified in EMI studies for depression, smoking, and other additive behaviors. 8, 45 The current review findings also suggest that EMIs may be effective for reducing stress. All but one study targeting stress found EMIs demonstrated significant reductions in stress compared with controls. In the present research, the study conducted by Reid et al. 38 was the only study evaluating an interactive EMI using mobile phones which failed to yield significant effects in reducing stress relative to an attention control. However, the negative findings of this study may have been due to nature of the attention control, which closely resembled the intervention. 19 Given the scarcity of studies on stress, more research is needed to examine the effects of EMI in various stressful environments that may induce high levels of anxiety. Currently, there is no convincing evidence that EMIs are effective for other anxiety disorders. Two of three studies did not find EMIs to be associated with a reduction in the required number of face-to-face psychotherapy sessions for panic disorders or social phobia. 39, 41 Although EMI and face-to-face CBT combined was more effective than receiving no treatment for panic disorders, EMI did not enhance faceto-face CBT, there being no significant difference between 6 weeks of CBT with and without EMI. 39 Clearly, further research is required to investigate EMIs for panic and social phobias and whether EMI can enhance the effectiveness of face-to-face treatment. Other broader reviews have previously noted that more trials are needed on the effectiveness of EMI. 8, 20 Despite this, no new studies targeting social phobia or panic disorder were located in the present study since the review conducted by Ehrenreich et al. 20 in June 2010. The majority of the studies in the current review assessed integrative EMIs consisting of features that allow individuals to self-monitor symptoms and to receive appropriate in-situ electronic psychotherapy. Many of these integrative EMIs included therapy delivered through programmed computer modules. It is possible that mobile phones delivering therapy exercises and self-monitoring will prove useful as a technology adjunct to enhance the efficacy of existing web-based psychotherapies. 46 Current psychotherapies for anxiety can be delivered online using a website, 47, 48 and evidence suggests that psychotherapies for anxiety disorders delivered through the Internet demonstrate comparable effects to treatments delivered by a therapist. 49 Further research is warranted to investigate whether EMIs can enhance existing psychotherapy treatments such as Internet-based interventions.
In the present review, only two studies examined the effects of the individual features of mobile technologies that delivered EMIs for anxiety. 32, 33 Neither study found that adding automated sensors to tailored therapeutic content delivered via smartphones significantly reduced anxiety symptoms. Further, no study examined EMIs using in-built cameras. However, many of the recent advances in smartphones have enabled the use of automated sensors and in-built cameras. 50 These features can be accessed through native operating system programming libraries, which can be used to develop smartphone applications (apps). 15 Generally, smartphone apps are designed to deliver specific therapeutic activities, such as self-monitoring, facilitating skills acquisition, or to provide information about a particular health condition. [51] [52] [53] In comparison to other delivery modalities (such as face-to-face and desktop apps), smartphone apps have the advantage of delivering media-rich, personalized therapeutic content directly on the mobile device at all times of the day. 15 However, further work is required to determine if and how EMIs can take full advantage of the smartphone app platform to optimize the delivery of particular therapeutic components of anxiety interventions. For example, more research is needed to evaluate the effectiveness of specific Human-Computer Interaction mechanisms of smartphones and other portable devices in alleviating anxiety-related symptoms. 54 Overall, it is difficult to draw reliable conclusions on the effects of EMIs on reducing anxiety symptoms and stress. Many of the included studies yielded low effective practice and organization of care group criteria quality scores. In particular, a number of studies failed to treat missing data appropriately, and provided inadequate documentation of randomization procedures, sequence generation, and allocation concealment. These issues are also coupled with the small sample sizes in many of the trials. It is important to improve the quality and reporting of prospective RCTs using EMI for anxiety and stress to allow accurate evaluation of the effectiveness of EMIs for these conditions.
Limitations
Several limitations are presented in the current review. First, the review included studies that examined EMIs with varying levels of therapist support. There are very few studies directly investigating the relative effectiveness of EMIs with and without human support or if EMI adds to face-to-face therapy or online human support. Further research is required to investigate these questions. Second, the main search concept "ecological momentary intervention" was used in the search strategy. It is possible that the terms used to identify papers relevant to this concept did not capture all relevant studies. Third, studies were only included if they measured an anxiety-related outcome. Thus, studies observing other related measures such as costefficiency and protocol adherence were not incorporated into our analysis. These studies may have provided further insights into the value of EMIs. Finally, a more standardized definition for EMI would have reduced the ambiguity of included interventions. The current definitions for EMI are broad and there are insufficient models describing these types of interventions in detail. It is difficult to meaningfully compare different EMIs that deploy a wide range of mobile and self-tracking technologies.
CONCLUSION
The current review found a small significant positive effect of EMIs on generalized anxiety. Studies targeting stress found EMIs to be significantly superior to controls. EMIs for panic disorders and social anxiety demonstrated mixed results. Although overall the findings are promising, more high quality RCTs are required, particularly to examine the effectiveness of EMIs for anxiety disorders such as panic and social anxiety disorder and the utility of EMIs as an adjunct to face-to-face and online web-based programs.
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